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%cells. It is felt that the changes dis -vered in nucleic acid catabolism
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b. Research Objectives

It was proposed that changes in tRNA metabolism are required for the progression
of cells th )ugh the stages of carcinogenesis. Following the induction of the
carcinogenic process, gradual phenotypic modulation towards a less differentiated
cellular state occurs. Alterations in tRNA modification and catabolism commence
soon after chemical carcinogen exposure, and the accruing changes in tRNA
isoaccepting species may be involved in releasing the post-transcriptional controls
over developmental gene expression. Our long-term objective is to elucidate the
role of the altered tRNA metabolism in the dedifferentiation and progression of
carcinogenesis.

c. Status of the Research

To examine changes in tRNA catabolism following carcinogen treatment of neonatal
skin fibroblasts, appropriate methodology had to be developed. Cellular nucleic
acids were radiolabeled for 24 hours with [3H]adenosine, E3H]guanine, or [3H-methyl]-
methionine. The radiolabeling of proliferating cells was done in Serumless Medium
to avoid purine catabolism by serum enzymes. Cell-derived catabolites in the
medium were generally evaluated by high performance liquid chromatography (HPLC)
at the end of the 24 hour period.

It was established early in the investigation that our improved HPLC method for
the resolution and quantitation of modified ucleosides in the urine of cancer
patients would not be particularly useful for the cell culture studies, since the
free bases, rather than the nucleosides, are the predominant catabolites in vitro.
A paried-ion reversed-phase HPLC procedure was developed which resolves most of
the major and minor adenine catabolites radj labeled in experiments with [3H]adenosine.

However, most of the results to date have been obtained with a newly developed
HPLC gradient elution system for resolution of guanine and xanthine derivatives
produced from [3H]guanine.

Comparison of nucleic acid catabolism by normal human fibroblasts and fibroblasts
transformed with methylazoxymethyl alcohol (MAMA),an activated derivative of
1,2-dimethylhydrazine, was undertaken initially. Apparently the normal and
transformed cells have functional hypoxanthine: guanine phosphoribosyl transferases,
since both readily utilized [3H]-guanine for nucleic acid synthesis. Both cell types
also generated xanthine as the predominant catabolite in long-term, pulse-chase
experiments. However, the kinetics of catabolism differed, in that only the
MAMA-transformed cells had generated appreciable [3H]xanthine after 24 hours.

Quantitative and qualitative differences in modified nucleic acid catabolites
were also observed when proliferating normal and transformed human fibroblasts
were compared. The nucleoside 7-methylguanosine was the predominant modified
product secreted by the normal cells, while the free base 7-methylguanine was
secreted preferentially by the MAMA-transformed cells. The transformed cells also
produced small amounts of the nucleosides 7-methylguanosine and 1-methylguanosine.

The analyses of RNA catabolism by the cells in culture may be complicated further
by the fact that the cells appear to remove 7-methylguanine from the culture medium
during certain stages in cell cycle. Our preliminary .sults indicate that this
uptake occurs prior to the DNA synthesis (S) phase of Ute cycle. The current
understanding of the biochemistry of the modified guanines does not offer an

explanation for this phenomenon, i.e., thcs, "waste" products should be of no use
to the cells. However, based on our previously demonstrated role for exogenous



1-methylguanine and 7-methylguanine in neoplastic transformation, this finding
will have t, be explored further.

Experiments were also initiated into the changes in tRNA modification associated
with carcinogenesis. tRNA: guanine transglycosylase to be utilized to assay
for queuine (Q)-deficient tRNA in transformed cells has been purified from an
RNase-deficient strain of E. coli. Standardization of the method has been
accomplished with Q-deficient tRNA's from yeast and cultured human trophoblastic
tumor cells. Although the initial attempts to induce Q-hypomodification of tRNA
in human fibroblasts were unsuccessful, it was discovered that the hamster cells
transformed previously with methylated purines contained highly Q-deficient tRNA.
In addition, we were able to generate Q-hypomodification of tRNA in normal hamster
cells by treating the cultured cells with 7-methylguanine under conditions whereby
7-methylguanine will induce cell transformation. tRNA: guanine transglycosylase,
the enzyme catalyzing the Q macromolecular tRNA modification, was also isolated from
rabbit erythrocytes, and shown to be inhibited effectively by 7-methylguanine
in vitro.

The possibility that tRNA: guanine transglycosylase inhibitors are responsible
for the Q-hypomodification of tRNA in malignant cells in vivo was suggested by
other investigators based on comparable enzyme activities being observed in normal
Q-sufficient and malignant Q-deficient tissu ;. The nature of these putative
inhibitors has not been established. However, malignant tissues contain aberrant
tRNA methyltransferases, and cancer patients excrete highly elevated levels of
tRNA catabolites; especially methylated derivatives. Therefore, our results
suggest that increased endogenous methylated purines (e.g. 7-methylquanine) may
be involved in inducing the Q-hypomodificatin of tRNA associated with neoplasia.

The data obtained allowed us to formulate a hypothesis concerning the specific
* role of altered tRNA metabolism in carcinogenesi , and that hypothesis was

presented in the manuscript in press li-ted belo . The hypothesis states that
at some early time after the induction uf carcinogenesis there is an elevation
of tRNA methylation which leads to the increase in the levels of methylated tRNA
catabolites. These catabolites then modulate tRNA modification further, either
by inhibiting modification (e.g. by blocking tRNA: guanine transglycosylase) or
by acting as an alternative substrate. New tRNA isoaccepting species are generated
by the changes in macromolecular modification and these species might translate
different (e.g. fetal) mPNA's that are present. By this method, onco-developmental
proteins would be synthesized. Some of the new proteins could be tRNA methyl-
transferase, and this would start the cycle over again at a more aberrant level.
The cycle could repeat many times with accruing phenotypic changes until the state
of neoplastic transformation is reached.

The hypothesis offers an explanation for the staging process of carcinogenesis
and perhaps for promotion of carcinogenesis. Experiments are being initiated with
the human cells to determine if altering tRNA metabolism influences promotion.
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